filters, but mean values of all the examined microorganisms were not statistically different from those of Background. Bacterial contamination of treated water and dialysate comprises an important problem for the other centres. Faecal streptococci counts in treated water samples were positively correlated with ageing patients undergoing haemodialysis. Both the progressive reduction of the thickness of cellulose membranes of both haemodialysis centres (P<0.005) and purification system (P<0.05), whereas pseudomonas counts and the expanding use of high-flux membranes probably enhance the risk of pyrogenic reactions, therefore were significantly correlated with ageing of the purification system (P<0.05). increasing the need for atoxic water and non-pyrogenic dialysis fluid.
Samples C were collected from the outlet port of dialysis physically [3] . Water bacteria can grow even more monitor as the effluent was discharged into the floor drains, rapidly in dialysis fluid, which consists of treated water during or at the end of a routine haemodialysis session from mixed with a salt solution. This mixture is both a patients without clinical signs of infection. Water was balanced salt solution and a growth medium almost sampled after 3-5 min of free flow through a distributionas fertile as a conventional nutrient broth. Although system tap (sample A) and the faucets (samples B,C ) in glass the concentration of Gram-negative water bacteria in containers of 500 ml volume that were previously machine treated water can reach levels of 105 to 107 per millilitre washed, decontaminated with a 15% hydrochloric acid wash, without turbidity, the same bacteria in dialysis fluid followed by three ultra-pure water rinses and sterilized at achieve levels of 108 to 109 per millilitre and are usually 180°C for 1 h. In those containers of samples A, sodium thiosulphate was added in a final concentration of 18 mg/l, associated with turbidity [4] . However, this degree of to neutralize any residual chlorine and prevent continuation contamination is considered unacceptable in contemof its bactericidal action during sample transit. porary haemodialysis.
Before sampling a solution of sodium hypochlorite (100 mg Technical achievements in haemodialysis system conNaOCl/l ) was applied to faucets and water let run for tribute significantly to the reduction of the incidence additional 2-3 min after treatment. Gloves and long sleeves of pyrogenic reactions. However, dialysate is still were worn when collecting the samples to prevent skin not sterile and more than one pyrogenic reaction per bacteria from contaminating the samples. Microbiological year is reported from 20% of dialysis centres in the examination was performed within 2-24 h, and exceptionally USA [5] . The American Association of Medical in three cases in 30 h. During transportation sample conInstrumentation (AAMI ) recommends standards for tainers were maintained at 4°C in portable coolers. treated water and dialysate quality. According to these standards the limits regarding the total heterotrophic Microbiological examination bacteria counts are 200 colony forming units/ml (c.f.u./ml ) for treated water and 2000 c.f.u./ml for Quantitative methods were used to enumerate the total count dialysate [5] . The overall compliance to the AAMI of viable heterotrophic micro-organisms, total coliforms, microbiological standards was investigated in a few faecal coliforms, faecal streptococci, pseudomonas spp., and the sulphite-reducing bacteria.
multicenter cross-sectional surveys from the USA, The pour plate method was used to estimate the number Canada, and Germany [7] [8] [9] .
of live heterotrophic bacteria [10] . One millilitre, 0.1 and In the present descriptive study, the total hetero-0.01 ml volumes of each sample, in duplicate, were processed trophic bacteria counts were estimated in parallel with on standard plate count agar (Oxoid ) by the pour plate the counts of total coliforms, faecal coliforms, faecal technique and incubated for 48±3 h at 37°C. This medium streptococci, pseudomonas spp. and sulphite-reducing contains yeast extract, pancreatic digest of casein, glucose, clostridia in the municipal water supplies of haemodia-and agar. All plates were counted and the values averaged lysis centres, in the treated water, and the dialysate on a Quebec colony counter (New Brunswick Scientific Co). from all 85 haemodialysis centres of Greece. The main The membrane filter technique was employed for total objectives of this survey were to obtain data on haemo-coliforms, faecal coliforms, faecal streptococci, and pseudomonas spp. A volume of 100 ml of the samples were dialysis water quality for the first time on a national filtered through membrane filters with pores 0.45 mm in basis, to assess the quality of HD water treated by diameter. The membranes were then placed face up on mdifferent methods, and to inform the haemodialysis Endo medium (Difco, 37°C, 24 h) for total coliforms, on munits promptly in case they did not have access to Fc agar (Difco, 44°C, 24 h) for faecal coliforms, on Slanetz regular monitoring, and to investigate factors contrib-and Bartley medium (Oxoid, 37°C, 48 h) for faecal streptouting to the contamination of treated water and cocci, and on Cetrimide agar (Difco, 37°C, 48 h) for dialysate.
pseudomonas spp. The multiple-tube method using differential reinforced clostridial medium (Merck, 37°C, 48 h) was employed to enumerate sulphite-reducing clostridia.
The directors of all haemodialysis centres were asked to
Subjects and methods
fill up a questionnaire with information concerning the age of the haemodialysis centre, the number of artificial kidney
Time and place
machines, number of patients undergoing haemodialysis in the centre, the year of the establishment of the waterFrom January to March 1997 water samples from all the 85 treatment system, the presence of treated water storage tank haemodialysis centres in Greece were collected by our technic-and its capacity, the use of filters (sand and activated carbon), ally experienced personnel. In order to avoid any variability the use of ion-exchange softener, deionization, reverse in sample examination all samples were analysed in the same osmosis, (single and/or double), the use of ultraviolet light manner by the same people.
for treated water, and their policy regarding maintenance of the equipment. After the completion of the study, all received the respective results and appropriate suggestions.
Sampling
From each haemodialysis centre we examined three samples Statistical analysis in dublicate. One sample came from a tap receiving water from the community water supply (sample A), one was after Chi-square test was used to compare the qualitative variables and the Student t test for independent samples was applied the water-treatment system (sample B), and the third sample was from the dialysate effluent (sample C ).
for the quantitative variables. Pearson correlation coefficients Table 3 . Mean values±standard deviations of total and faecal were also calculated. Biostatistical analysis was performed coliforms, faecal streptococci, and pseudomonas spp., in (A) tap using the statistical SPSS v. 7.5 (1997, SPSS Inc.) water, (B) treated water, and (C ) dialysate of all 85 haemodialysis centres in Greece, 1997 Results years ago whilst others were only a year old; the mean age of the centres was 13.68 years. Haemodialysis centres were equipped with 5-37 artificial kidney machines that had been in use from 1 to 22 years and deviations of total and faecal coliforms, faecal streptotreated from five to 271 patients cocci, and pseudomonas spp. and the percentage of All the haemodialysis centres used treated water, positive samples (A,B,C ). Sulphite-reducing clostridia with a mean age of water treatment systems of 5.5 were not isolated from samples B, and only in 5.8% of years ( Table 1) . Softener was used by 96.4%, deioniza-samples C and in 2.4% of samples A. The most tion (DI ) by 9.5%, single reverse osmosis ( RO) by commonly isolated Gram-negative bacteria from 90.5%, double reverse osmosis by 34.6% of centres, treated water and dialysate were pseudomonas spp., while DI in conjunction with RO was used by 30.6% 36.2% and 59.5% respectively, followed by total colof centres. Treated water storage tank was used by iforms in samples C (36.2%) and streptococci in 86.1% of the centres ( Table 2 ). The maintenance of samples B (14.8%). the system was provided by the suppliers and concerned Table 4 shows the mean values and standard deviconductivity and hardness testing of treated water, ation of the total heterotrophic bacteria counts and whereas microbiological monitoring was performed the percentage of samples exceeding the recommended monthly only by two units.
standards. The overall compliance of the tap water Table 3 shows the mean values and the standard samples to our national standards was 80.7%, whereas the compliance of haemodialysis treated water and Table 1 . Descriptive characteristics of all 85 haemodialysis centres dialysate to AAMI standards was 92.6% and 63.7%
in Greece, 1997 respectively.
In Table 5 streptococci, and pseudomonas spp. counts were higher
Number of haemodialysis patients/centre 59.93±42.0 5-271 Capacity of treated water storage tank (m3) 1.60±2.8 0. [5] [6] [7] [8] in the centres with bacterial filters. Haemodialysis centres with storage water tank experienced higher, though not statistically significant, Table 2 . Equipment used for water treatment by all 85 haemodialysis levels of total and faecal coliforms, faecal streptococci, centres in Greece, 1997 and pseudomonas spp., whereas the mean count of total heterotrophic bacteria was 69.72 c.f.u./ml in Equipment Centres using (%) centres without and 62.02 c.f.u./ml in centres with a storage water tank. ( Table 6 ). prising the current recommendation according to the AAMI standards, we also investigated the counts of possible clinically significant bacteria as total coli- Haemodialysis centres use water from a public of the haemodialysis centres is almost 14 years.
supply originating from either surface or ground water, Reverse osmosis, which is usually used in conjuncbut in our country most public supply water is ground tion with deionization, is considered the most effective water. The source of the water supply may play an means of treating water for dialysis, because it posimportant role in bacteria and endotoxin content of sesses the advantage to remove nearly all contaminants the treated haemodialysis water, since surface waters from the supply water. Nevertheless, if the RO memusually contain endotoxin from Gram-negative bacbrane's integrity is broken, many micro-organisms teria and certain types of blue-green algae. Essentially, could pass through [11] . As is shown by the results of all water supplies are contaminated with ubiquitous this study, all 85 haemodialysis centres in our country water bacteria and consequently the water treatment, use some type of water treatment. More specifically, the distribution systems, and the dialysis machines are RO was used by 90.5% of the centres (with 34.6% exposed repeatedly to continuous inoculation of these having a double RO), DI by 40.2% (with 8 centres-9.5%-having only DI ), while 96.4% of the centres are micro-organisms. Even chlorinated water supplies commonly contain low levels of the water bacteria. We recommended, because some Gram-negative bacteria investigated the bacteriological quality of the mains populations appear resistant to UV, and besides, bacwater of the haemodialysis centres in order to assess teria endotoxins are not affected [1] . any contamination of this water with bacteria that
In 36.3% of the effluent dialysate samples (sample may influence the quality of treated water. According C ), the total heterotrophic bacteria counts exceeded to our national standards, the total heterotrophic the AAMI standards. However, it should be emphasbacteria count in chlorinated drinking water should ized that these samples were collected from the outlet not exceed 10 c.f.u./ml at 37°C when incubated for port of the dialysis monitor as the effluent was dis-48 h, but it is not allowed to contain any total col-charged into the floor drains, during or at the end of iforms, faecal coliforms, enterococci, Pseudomonas a routine haemodialysis session from patients without aeruginosa and sulphite-reducing clostridia. As it is clinical signs of infection. Thus, it contained all the shown by our results 19.3% of the tap water samples substances removed by the haemodialysis procedure (samples A) did not comply with our national stand-and therefore it could be additionally burdened. The ards, because one or more of the pollution indicator sampling point of the 'dialysate', (i.e. post-dialyser, bacteria were over the acceptable level.
'effluent' dialysis fluid), probably influences the level The total heterotrophic bacteria count of treated of bacterial contamination. Nevertheless the time haemodialysis water (samples B) exceeded 200 c.f.u./ml elapsed from the beginning of the session, could not and did not comply with the AAMI standards only in normally influence the multiplication of bacterial 7.4% of the examined haemodialysis centres. This could counts and the high levels of bacteria found in these be considered as one of the highest compliances samples could be attributed either to insufficient disinreported in the literature. Factors that have apparently fection of the entire haemodialysis pipe system inside contributed to this good bacteriological quality of the haemodialysis machines, or to the concentrate used treated haemodialysis water could be the good quality to prepare the dialysate . Air traps and water heaters of the public supplies and the extensive use of RO in certain haemodialysis machines are difficult to disinalone or with DI by 90.5% of the centres.
fect adequately and many investigators confirmed the It has been suggested that haemodialysis centres presence of an amorphous material containing bacequipped with a storage reservoir for treated water are teria, called biofilm, in tubing and tanks [3] . These more likely to experience contamination of this water biofilms are difficult to eradicate by heat or chemically, and distribution systems, because water treatment and constitute a threat for the patient, especially when rooms and haemodialysis units are often located far the dialyser is broken. In our case the advanced age apart, even on different floors. So, the long piping of dialysis machines should be stressed, and in our involved makes it difficult to maintain a satisfactory opinion contributed to the above results, since aged bacteria level at all water outlets. In this study, haemo-machines appear more difficult to clean and disinfect. dialysis centres equipped with a storage tank showed
In a cross-sectional survey on the bacterial quality higher levels of total coliforms, faecal coliforms, faecal of purified water and effluent dialysate of 51 chronic streptococci, and pseudomonas spp., but lower levels and acute haemodialysis centres in the central United of the total count of heterotrophic bacteria than those States [7] , 53% had bacterial counts above the AAMI without storage tank. Nevertheless, the difference was standard of 200 c.f.u./ml for water and 35% had statistically significant only for the faecal streptococci bacterial counts above the 2000 c.f.u./ml standard for counts (P<0.05), probably as a result of the high dialysate, whereas 35% of the water samples and 19% resistance of these bacteria.
of the dialysate samples were above the respective Haemodialysis centres (80%) that included bacterial AAMI standards. Better results were obtained by a filters-mainly installed after the RO system-in the similar study, including 30 haemodialysis centres in process of water treatment, appeared with lower levels Germany, which showed that 17.8% of all water and of total heterotrophic bacteria count, though not statonly 11.7% of all dialysate samples examined were out istically significant, but with higher levels of the other of compliance with the AAMI standards [9] . No bacteria tested. More specifically, pseudomonas spp correlation was found between the level of contaminaand faecal coliform counts were higher in centres tion of either haemodialysis water or dialysate and the equipped with bacterial filters, possibly because these water processing method, type of dialysate (acetate or micro-organisms may grow on and in bacteria filters bicarbonate), type of dialyser, or method of disinfecand thereby increase instead of reduce bacterial contion. Furthermore, the degree of bacterial contaminatamination of dialysate [1] .
tion of dialysate was variable [102-105 c.f.u./ml ), According to the data received from the questionamong haemodialysis centres, but also in the same naires, the bacterial filters were replaced every 6 months centre over time. In a 7-year multicentre study of the by the majority of the centres. However, according to quality of haemodialysis water from Canada, 3547 the results of this study some centres have not obvisamples from 36 centres were examined bacterioloously followed the appropriate manufacturer's guidegically [8] . Overall compliance to the Canadian lines for the maintenance of their water-treatment Standards Association (CSA) was 70% for bacteria, components on a routine, usually monthly basis.
with the best overall compliance being obtained by Ultraviolet irradiation was used by the 59.5% of the centres examined. Nevertheless, this approach is not reverse osmosis combined with deionization.
It is worth mentioning that haemodialysis treated observed it can be easily neglected or ignored. Some authors have suggested that the recommended upper water is free of residual chlorine and thus more prone to bacterial contamination. Gram-negative bacteria are limit of 2000 c.f.u./ml in dialysate should be drastically reduced at least to 200 c.f.u./ml. It is also advised to the most often cited contaminants found along with some Gram-positive bacteria in haemodialysis water. control this improved dialysate quality twice a month instead of monthly [16 ] . However, it should be menSome investigators identified the bacteria isolated from dialysate and reported that pseudomonas spp. are the tioned that AAMI guidelines are the minimum standards, and by culturing more often, better control can most commonly found bacteria [7] . Indeed, sporadic cases or small clusters of water-borne pseudomonas be achieved, resulting in haemodialysis treatment of good quality. septicaemia have been reported in the literature. Pseudomonas aeruginosa, P. maltophilia, and P. vesicularis were found in the blood cultures of patients with
